To determine how examination findings influence the probability assessment and diagnostic decision making of third-and fourth-year medical students, internal medicine residents, and academic general internists.
Despitethekeyrolethatthephysical examination occupies in patient care, [1] [2] [3] [4] [5] [6] [7] [8] the decline in examination skills has been well documented. 9 -20 In a 1996 commentary, Mangione and Peitzman 6 argued that one way to improve examination skills is for "teachers of physical diagnosis [to] separate wheat from chaff and discard signs or maneuvers of little value." This approach requires examination findings to be viewed as diagnostic tests each with their own test characteristics. [21] [22] [23] [24] [25] Fortunately, the recent focus on the principles of evidence-based medicine has led to the determination of these characteristics for a number of findings. [21] [22] [23] [24] [25] However, the quality of the available data is variable, 24, 25 and the extent to which educators have incorporated this literature into their teaching is not known.
Bayes' theorem (see the Appendix) allows clinicians to apply the published test characteristics of examination findings to their probability assessment. 26 -30 When using a Bayesian approach, clinicians develop an initial probability that a patient has a disorder. This probability is then sequentially revised using information obtained from the history, physical examination, and diagnostic testing to arrive at a final probability estimate.
Although the frequency with which clinicians employ a Bayesian approach in their decision making is not known, 29 research dating back to the 1970s has highlighted several commonly made mistakes. 26, 29, [31] [32] [33] [34] [35] First, clinicians often inaccurately form their initial probability estimates by overestimating the prevalence of rare conditions and underestimating the prevalence of common conditions. 26, 31, 35 Second, clinicians often do not revise their initial probability estimate as much as would be suggested by Bayes' theorem. 26, 31 This observation may be due to "anchoring," in which an individual's final probability estimate is highly sensitive to the probability at which he or she starts. 26, 31 Third, clinicians tend to give more weight to items encountered later on in a patient interaction than to those items encountered earlier on. 32, 33 Finally, physicians tend to overemphasize the importance of diagnostic testing, perhaps because they believe that diagnostic tests are more accurate than historical items and examination findings. 34 Currently, little is known about how clinicians apply examination findings to their probability assessments. In this cross-sectional, multiinstitutional, Webbased survey study, we sought to determine and compare how third-and fourth-year medical students, internal medicine residents, and academic general internists apply examination findings to their probability assessments and to determine the impact that these findings have on the ordering of diagnostic tests.
Method

Study sites and participants
In 2008, our study recruited participants from three U.S. medical schools-the University of Pittsburgh School of Medicine, Alpert Medical School of Brown University, and the University of Virginia School of Medicine-and their affiliated residency programs. The target population was third-year and fourth-year medical students, internal medicine residents, and academic general internists. No training on Bayesian principles or diagnostic test characteristics was provided to any participant prior to study participation. The study was approved by the institutional review boards at each institution.
Survey design and content
The survey was written, reviewed, and edited by the study authors and pilottested by seven individuals who were not study participants but who represented the three levels of training included in the study.
The survey began with a series of sociodemographic questions about age, sex, current training or employment status, medical school attended, and, if applicable, date of medical school graduation, name of residency program attended, and date of completion. Next, it asked participants whether they had received formal teaching about the physical examination and about the principles of evidence-based medicine during medical school, residency, or both. Finally, it presented four cases and asked participants questions about condition probability and diagnostic strategy.
We decided to limit the survey to four conditions to avoid overburdening the participants. To provide content validity, we selected the conditions from cases highlighted in the Rational Clinical Examination Series (RCES), a series that has been appearing in JAMA since 1992 and is now available in book form. 21, 25 To determine which conditions to include, we ranked the conditions according to their perceived relevance and importance and asked five academic general internists to do the same. We then included the four highest-ranked conditions-ascites, heart failure, group A beta-hemolytic streptococcal pharyngitis, and acute anterior cruciate ligament (ACL) tearin the survey.
Each of the four cases consisted of the following: a brief history, a preexamination probability (pre-EP) that the condition was present based on the prevalence of the condition and information contained in the history, two separate examination scenarios 
Acute anterior cruciate ligament tear
24-year-old man presents to primary care physician's office with complaint of two days of right knee pain, which began while he was playing football; heard a "pop" after being hit by another player; has been using ice and ibuprofen with improvement in pain; knee feels like it is going to buckle; no previous knee injuries or traumas containing information about whether specific findings were present or absent, and questions about the participant's estimated postexamination probability (post-EP) and choice of diagnostic strategy, given the findings. The key historical items and exam findings included in each case are detailed in Table 1 . Participants were instructed to assume that the pre-EPs were accurate, that the exam findings were based on examinations conducted by competent clinicians, and that there were no barriers to performing any tests if so needed to arrive at a diagnosis. Pre-EPs were provided because we wanted to start each participant at the same probability, as clinicians vary widely in their initial assessments of condition probability. 35 For each of the four conditions, the survey presented two examination scenarios: one consisting of an examination of positive findings, making the condition more likely, and a second examination consisting largely of negative findings, making the condition less likely. For each scenario, the survey asked participants to provide a post-EP, expressed in terms of a whole number percentage ranging from 0 to 100. It also asked participants to select one of three diagnostic options: tell the patient that he or she has the condition in question, tell the patient that further testing is required for diagnosis, or tell the patient that he or she does not have the condition in question. Participants were not asked to provide specific treatment regimens or to choose specific diagnostic tests.
We neither encouraged nor discouraged participants from using outside resources. An unlimited amount of time was given to complete the survey, although, once started, the survey had to be completed in a single sitting.
Primary outcomes and sample size calculations
The primary outcome measures were (1) participants' mean post-EPs using inverse transformed logit (ITL) values, (2) comparison of participants' ITL mean post-EPs with corresponding literaturederived post-EPs, and (3) diagnostic option selected by participants for each of the eight scenarios.
We determined a priori to sample sufficient numbers of participants to 
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0.66 (0.57, 0.77) 38 
Study recruitment
After we identified 906 eligible individuals, we sent each an e-mail invitation to complete the survey during an eight-week period in the fall of 2008.
To increase the response rate, we sent weekly e-mail reminders. We also indicated that we would give a $15 gift card to students and residents who completed the survey and would enter all participants into a drawing for three prizes.
Analysis of data
We used descriptive statistics to characterize participants in terms of sociodemographic data.
Pre-EPs and literature-derived post-EPs were calculated by using data obtained from the RCES. 25, [37] [38] [39] [40] Calculation of pre-EPs began with the authors' estimate of condition prevalence. This initial probability estimate was then sequentially revised for each historical item using published likelihood ratios in a step-bystep manner by making the posterior probability of the first item the initial probability of the second item, and so on. A similar approach was followed to calculate literature-derived post-EP point estimates and their associated 95% confidence intervals by using the pre-EP as the initial probability then adding in the examination findings. To account for the possibility that exam findings with similar pathophysiologic mechanisms may not be conditionally independent, we also calculated "adjusted" literaturederived post-EPs as follows: For groups of findings with a theoretically similar pathophysiologic basis (i.e., bulging flanks, shifting dullness, and fluid wave), we used only the finding with the most extreme likelihood ratio and ignored the other findings. Table 2 details the calculation of unadjusted and adjusted literature-derived post-EPs.
For each of the eight exam scenarios, we calculated the participants' ITL mean post-EP for the total sample and for each group. ITL values were used instead of raw responses in order to account for the fact that the probability scale behaves differently at the extremes than it does in the middle range. We converted the participants' raw responses to logit values using the following formula: ln(p / (1 Ϫ p)) where ln ϭ natural logarithm and p ϭ probability value. After calculating mean and 95% confidence intervals for the logit values, we then converted these values back to traditional probabilities using the following formula: e (p / (1 ϩ p)) where e ϭ exponential function and p ϭ probability function to arrive at the ITL values. We then used ANOVA and t tests to determine the degree of concordance among the study groups and between the study-derived values and the literaturederived values. When overall differences were detected between groups, we used the Scheffé method to test for pairwise differences.
For the diagnostic strategy outcome, we calculated the frequencies of options chosen for each scenario by the total sample and each group. We used chisquare tests, Fisher exact tests, and 3 ϫ 3 contingency tables to compare distributions of choices and tests of All statistical analyses were performed using STATA 10.0 (StataCorp, College Park, Texas).
Results
Response rates and characteristics of participants
Of 906 individuals invited to participate, 684 (75%) completed the survey. The total sample of participants consisted of 255 students, 264 residents, and 165 academic general internists. The response rate was highest among students (80%) and lowest among faculty (72%). Each institution had at least a 65% response rate.
As shown in Table 3 , participation in a formal physical examination curriculum was nearly universal during medical school (91% of total sample) but less common during residency (24%). Training in evidence-based medicine was also more common during medical school (70% of total sample) than during residency (59%), but the faculty group was less likely than the other groups to have had this training. Table 4 provides a summary of the conditional probabilities for each case. In all four scenarios consisting mainly of negative findings, the participants' ITL mean post-EPs were significantly higher than the unadjusted literature-derived post-EP point estimates (P Ͻ .001 for each). When comparing the participants' ITL mean post-EPs with corresponding adjusted literature-derived post-EP values, comparisons in three of four scenarios were significantly higher (P Ͻ .001 for each).
Conditional probabilities
Findings for all eight scenarios were consistent across groups, with only small differences seen (the mean absolute difference in post-EP estimates between groups was 2.6%). Table 5 shows the diagnostic options selected for each scenario by the three groups and the total sample. In four of the eight scenarios (positive and negative scenarios for ascites, and positive scenarios for streptococcal pharyngitis and acute ACL tear), there were significant differences between groups in terms of the frequencies at which each diagnostic option was chosen. However, in all eight scenarios, the relative ordering of diagnostic options (i.e., from most frequently chosen to least frequently chosen) was consistent for all groups.
Diagnostic strategy options
In the four scenarios with positive findings, most participants (range, 62%-83%) chose to tell the patient that he or she had the condition and treat accordingly. Interestingly, 17% to 38% of participants ordered additional testing even when the literature indicated a Ͼ85% probability that the condition was present. In the four scenarios with largely negative findings, the majority of participants (range, 70%-85%) chose to order diagnostic tests to further refine diagnostic uncertainty.
For all four conditions, a significant proportion of participants (P Ͻ .001) changed their diagnostic decision when the scenario changed from positive to negative findings: 82% regarding ascites, 85% regarding heart failure, 67% regarding streptococcal pharyngitis, and 50% regarding an acute ACL tear. For each condition, most participants changed from telling the patient that he or she had the condition in the scenario with positive findings to ordering tests to confirm the diagnosis in the scenario with largely negative findings.
Discussion
In this multiinstitutional study examining how medical students, residents, and faculty estimate conditional probabilities and choose diagnostic options for four commonly encountered conditions, we found that these groups tended to similarly undervalue physical examination findings and that they tended to undervalue negative findings to an ever greater extent than they undervalued positive findings.
There are several possible explanations for our findings. First, these results may in fact represent a true undervaluing of the physical examination. This could support the previous finding that physicians value diagnostic testing more than findings from the history and physical examination regardless of their diagnostic test characteristics. 34 Second, these results may reflect the phenomenon of anchoring that was discussed previously. 26, 31 Third, although there is an increasing body of evidence available to help clinicians clarify the value of examination findings for a number of common conditions, it is not clear how widely this body of evidence is being used by clinicians. As a result, our findings could reflect that clinicians are unaware of this evidence and, hence, do not apply it to their decision making. Finally, although the instructions for our study indicated that all examinations were performed by competent clinicians, the participants may have lacked confidence in their own ability to perform physical examinations and may have factored in their own skills when they selected a post-EP or diagnostic option.
Interestingly, we observed only small and clinically insignificant differences between estimates of post-EPs provided by the students, residents, and faculty in our study. This suggests that physicians with more experience in performing examinations do not assign a greater value to examination findings than do trainees. This may also reflect the effect of faculty modeling on residents and students, leading each group to think and perform similarly and to undervalue findings. In the process, it may hinder the We also found that large numbers of participants chose to order additional diagnostic testing even when available data suggest that the estimated condition probability is low. Although we did not ask participants to provide the threshold probabilities above and below which they would accept that no further workup is required, our results help to illustrate that physicians differ significantly in their comfort levels in dealing with uncertainty. Unfortunately, there is not a consensus amongst physicians about what threshold probabilities should be used for "ruling in" and "ruling out" individual disorders. This is not unexpected, because thresholds could be expected to vary among conditions of different severity and impact.
Responses to the questions about training in our study indicate that although the formal teaching of examination skills is nearly universal in medical schools, it is a much less common in residency programs. With most trainees lacking exposure to a formal curriculum during residency, it is not surprising that a widespread decline in clinical skills has been reported. 9 -20 Although our study had excellent response rates, it had several limitations. First, although it focused on four common conditions with high face validity (i.e., ascites, heart failure, streptococcal pharyngitis, and acute ACL tear), its findings may not be generalizable to other conditions. Second, some might argue that the use of the condition probability outcome is artificial because most physicians probably do not explicitly calculate condition probabilities for their patients. We attempted to address this concern by also including a more clinically important outcome-that is, choice of diagnostic strategy option. Third, in calculating probabilities, we used published likelihood ratios, but these ratios are of varying quality and precision, and some are based on research conducted many years ago when the gold standards for diagnosing conditions may have differed from those used today. Also, these published likelihood ratios were developed in specific patient populations and may not be generalizable to other populations. Fourth, when calculating probabilities, we assumed that each item was conditionally independent from the others used. To address the concern that this may not be true, we calculated adjusted probabilities that were more conservative and made the magnitude of our results smaller. Fifth, because we wanted participants to focus on examination findings rather than history items, we provided pre-EPs for all scenarios. Even though we instructed the participants to view the pre-EPs as accurate, it is possible that some of them ignored this instruction.
Conclusions
In this study, trainees and experienced physicians similarly underestimated the impact of examination findings when estimating condition probabilities and, as a consequence, often chose to order additional diagnostic testing to reduce diagnostic uncertainty. A better understanding of when and how physicians apply examination findings in their assessment of condition probability may provide the foundation for improving the way physicians use these observations in everyday clinical practice. This, in turn, may reduce the unnecessary use of expensive and potentially risky testing in today's increasingly cost-conscious and patient-safety-oriented environment.
First, you determine the prior odds:
Prior odds of ACL tear ϭ prior probability/(1-prior probability) ϭ 0.50(1Ϫ0.50) ϭ 1
Then, you calculate the posterior odds using the Bayes' theorem formula that includes likelihood ratios:
Posterior odds of ACL tear ϭ LR * prior odds ϭ 42 * 1 ϭ 42
Finally, you convert the posterior odds to a posterior probability:
Posterior probability of ACL tear ϭ posterior odds/(1ϩposterior odds) ϭ 42/(1ϩ42) ϭ 0.977
Thus, you determine that the posterior probability that this patient has an ACL tear given a prior probability of 50% and the presence of a positive Lachman test is approximately 98%.
